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ABSTRACT 
 
 
 
 
Solar energy is the sun’s rays (solar radiation) that reach the earth. In tropical 
countries, solar energy potential in wide range of application for remote urban areas is 
growing rapidly. The major disadvantage of solar energy is the amount of sunlight that 
arrives at the earth’s surface is not constant. It depends on location, time of day, time of 
year and weather conditions. In addition, the sun doesn’t deliver that much energy to any 
exact place at one time, a large surface area is required to collect the energy at a useful 
rate. Most of the current technology applies only static solar cells that cannot response to 
the actual instant position of the sun for maximum sun shine. The objective of this work 
is to design an effective Sun Tracking System that would increase the performance of 
Solar Cells. In this research, the compartments considered for the proposed system are 
Solar Cells, Moving Mechanism and Stepper Motor that will be controlled based on the 
detector of the sun shine using web-camera. As soon as the sun can be tracked, the 
voltage, current and power received will always be at the maximum efficiency. This 
research could provide significant improvement in alternative energy as seen from the 
results which are given in this thesis. 
vi 
 
 
 
 
ABSTRAK 
 
 
 
 
Tenaga solar merupakan sinaran matahari (radiasi solar) yang sampai ke bumi. 
Di negara tropika, applikasi yang meluas bagi potensi tenaga solar untuk kawasan luar 
bandar tumbuh dengan mendadak. Masalah utama tenaga solar adalah jumlah sinaran 
matahari yang sampai ke muka bumi tidak malar. Ia bergantung kepada lokasi, masa, 
musim dan kondisi cuaca. Tambahan, matahari tidak menyampaikan begitu banyak 
tenaga ke suatu tempat dalam masa tertentu, luas permukaan yang besar diperlukan 
untuk mengumpul tenaga pada tahap yang berguna. Kebanyakan teknologi semasa 
hanya mengaplikasikan sel-sel solar static dimana ia tidak dapat bertindakbalas kepada 
posisi segera matahari yang betul untuk sinaran matahari yang maxima. Objektif projek 
ini adalah untuk merekakan satu system menjejak matahari yang dapat menambahbaik 
persembahan sel-sel solar. Dalam kajian ini, bahagian-bahagian yang akan dikaji untuk 
system yang dicadangkan ialah sel-sel solar, mekanisma bergerak dan juga Stepper 
Motor yang akan dikawal berdasarkan pengesan sinaran matahari melalui web-kamera. 
Secepat sahaja matahari dapat dijejak, voltan, arus dan tenaga yang diterima akan 
menjadikan keberkesanannya sentiasa berada pada tahap maxima. Pengkajian ini 
dipercayai dapat memberi kemajuan dalam keberkesanan tenaga alternatif seiring 
dengan keputusan yang didapati dalam tesis ini. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 OVERVIEW 
 
 
In these modern days that consumes a lot of energy, e.g. fuel-oil, gas, coal, that 
will deplete in its source one day, much focus have been given on the topic of renewable 
energy. Renewable energies are energy that can be renewed or have no worries of 
depleting as described by Riza Muhida et al. (2009). For instance, wind, thermal, bio-
mass and solar energy are some of the examples for renewable energy. Power station 
that applied renewable energy as its power source is increasing in number in the recent 
years. However the current technologies in this field are not competitive enough, when 
compared to the conventional energy sources such as petroleum fuel, hydroelectric and 
etc. Solar energy is one of the main renewable energy sources that are widely used in 
power generating application. It is one of the renewable energy with high availability 
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and at the same time it does not creates much pollution as the conventional power 
sources. Despite having high availability, the efficiency of the solar cells to convert solar 
energy into electrical energy is not efficient enough. There are many theories indicated 
that how the power output efficiency of the solar cells can be improved. Researchers had 
been conducting many studies on improving the efficiency of the solar cells and there 
are still spaces for improving the performance of the solar cells. 
 
For a photovoltaic (PV) system, the solar panel is the most important and basic 
component for the process of energy transformation in solar power system as described 
by K. K. Tse et al. (2004). From the research they conducted, K. K. Tse et al. (2004) 
stated that the energy conversion efficiency of the PV system depends on the external 
factors. These factors included the insolation (a measure of solar radiation energy 
received on a given surface area in a given time) level for the specific area, the 
temperature of the surrounding and also the specification of the load. K. K. Tse et al. 
(2004) also stated that there are a number of different kinds of method were applied to 
further improve the performance of the solar tracking ability of the system. According to 
Rong-Jong Wai et al. (2008), the major challenges for the engineers and scientists are to 
obtain a clean, efficient and environmentally-friendly energy sources. Out of so many 
renewable energy, the researchers discovered that the photovoltaic generation system to 
be of greatest potential to resolve for energy problem and also environmental problem. 
Rong-Jong Wai et al. (2008) have also pointed out that utilizing the solar power 
generation system can effectively reduce the effects of environmental concerns such as 
the air pollution, ozone depletion and radioactive substance emissions. 
 
As described by Roger Gules et al. (2008), the exploration of renewable sources 
such as photovoltaic technology was led by the growing energy demand along with the 
increasing awareness upon the environment hazards by utilizing the fossil fuels. Roger 
Gules et al. (2008) explained that the main obstacles that prevent the usage of 
photovoltaic energy source from being utilized in a large scale are because of two 
factors. One of the factors is the high installation price which is not cost effective. This 
factor played a main role in preventing more of the public to utilize solar energy 
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generation system. The second factor that obstructed the public from using photovoltaic 
energy source on a large scale is of its low conversion efficiency. Due to its low 
conversion efficiency, the utilization so solar energy as the source for generating power 
is still not as common and popular as the conventional fossil fuels is. There are still 
spaces available to further enhance the capability of the solar cells to produce electrical 
energy. Such works and studies have been attempted by researchers in the researching 
field for exploitation of clean energy resources. Having clean energy resources such as 
photovoltaic energy resources would help much in reducing the environment pollution 
problem. 
In the research of having a clean and energy-saving system, researchers have 
found out that solar cell power supply could be used as a reliable power source. Eduardo 
Roman et al. (2006) described that renewable energy resources are technological option 
for sustainable energy supply and one of the representatives is the photovoltaic energy. 
Due to technological progress and continuous cost reduction, the solar energy is 
becoming more common and important towards power generation contribution. Eduardo 
Roman et al. (2006) agreed that the most important element in the photovoltaic 
generation system is the solar cells. The researchers found out that there are some causes 
such as shadows, dust, low radiation losses and etc. that are responsible for the low 
efficiency if power output for the solar power generating system. Eduardo Roman et al. 
(2006) also mentioned that there would be more losses which signified lower efficiency 
of the solar cells, in case for those installations which are more complex. Such 
complexity will at the same time brought additional losses to the solar cells. A solar 
power generating system would pose greater problem when they are complex in number 
and also configuration. 
 
There are quite a number of factors that would affect the power output efficiency 
of the solar cells. Work of Jose M. Quero et al. (2007) described that the performance of 
the solar energy power system strongly depends on the ability of the solar power 
receiver to track the sun. Some systems applied the conventional devices that transform 
the sun radiation directly into electricity. For example, the conventional photovoltaic 
cells are capable of transforming the solar radiation into electricity directly. Jose M. 
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Quero et al. (2007) pointed out that the surfaces of the photovoltaic cells must be 
perpendicular to the sun radiation to achieve maximum performance. They suggested 
that the direct tracking control for the solar power system should be implemented. 
Kimiyoshi Kobayashi et al. (2006) pointed out that when the solar array is used as the 
input power source, the light intensity that falls onto the solar cells and the 
environmental temperature surrounding the solar power generating system would affect 
the power output efficiency of the solar cells to a certain extent. To achieve a better 
power output efficiency, the solar cells need to be directed towards the direction of the 
sun. Having the solar cells directed towards the sun would increase the light intensity 
that falls onto the solar cells. Thus implementing a solar tracking system for the solar 
power generating unit would be a good resolve in enhancing the performance of the 
solar cells. 
 
 
 
 
1.2 RESEARCH OBJECTIVES 
 
 
This study attempts to achieve the following objectives: 
 
i. To design an effective sun tracking system based on the detector of the sun 
shine using web-camera. 
 
ii. To analyze and simulate the tracking system using MATLAB interface with 
the hardware. 
 
iii. To compare the simulation result with the hardware. 
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1.3 SCOPE OF PROJECT 
 
 
This project is focused on designing and developing a Solar Tracking System by 
using web-camera as its sensor. Therefore, the project scopes are as follow: 
 
i. Using MATLAB software to control the movement of the solar tracking system. 
 
ii. Interfacing between the controller and solar tracking system to improve the focus 
towards sunshine. 
 
 
 
1.4 PROBLEM STATEMENT 
 
 
This study aims to conduct the following research: 
i. The sun is moving from east to west trough out the daytime, so the solar 
irradiation onto the solar cells is varied due to the rotation cycle of the earth. This 
variation of solar power output decreases the efficiency of the system. Not 
having a high solar irradiation onto the solar cells would not produce maximum 
power that the solar cells’ capable of. 
 
ii. A static solar power system that does not response instantly to the actual position 
of the sun does not yield maximum power output from the solar cells. When the 
earth circulates around the sun, the static solar power system cannot achieve 
maximum power output as the solar irradiation onto the static solar cells will 
drop gradually. 
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1.5 OUTLINE OF THESIS 
 
  
 This thesis consists of five chapters. Chapter one provides introduction on the 
project. In chapter two, the works done before by the other researchers are reviewed. 
Chapter three discussed about the methods used in developing the project and also the 
hardware used. The main focus in chapter four is on the result obtained from the project 
and discussion of the results. Chapter five concludes the findings and future 
recommendations for the system. 
 
 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
  
2.1 Maximum Power Point Tracking 
 
 
K. K. Tse et al. (2004) had used the maximum power point tracker (MPPT) 
which is also a dc to dc converter, in order to track the maximum power point for the 
power output from the photovoltaic system. They applied the switching-frequency 
modulation scheme which injected a small-signal sinusoidal perturbation into the 
switching frequency of the converter and comparing between the ac component and the 
average value of the panel terminal voltage. The researchers conducted experiments to 
study the tracking capability of different dc to dc converter using the switching-
frequency modulation scheme. The researchers utilize the solar panel Siemens SM-10 
with rated output power of 10 W for the experiment purpose and kept the surface 
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temperature of the panel at about 40 degree celcius throughout the experiment. The 
illumination of the sun is represented with a 900 W Tungsten halogen lamp, controlled 
by a programmable dc supply source, PCR 2000L. They conducted a number of 
different experiments using this method and found out that, the maximum power point 
tracking with switching-frequency modulation scheme can globally locate the maximum 
power point for the solar cells under a wide range of insolation level. The capability of 
locating maximum power point can improve the performance of solar cells up to a 
certain extent as described by Vikrant. A. Chaudhari (2005). The representation of the 
work by K. K. Tse et al. (2004) was shown in Figure 2.1. The output of the solar panel 
was sent to the tracking circuit to obtain the maximum power point. 
 
 
Figure 2.1: Experiment with switching-frequency modulation scheme. 
 
Roger Gules et al. (2008) used parallel connection of the maximum power point 
tracking (MPPT) for the solar power generation system to reduce the power converter 
losses in the overall power output efficiency of the system. The system designed in this 
parallel connection of the MPPT circuit as shown in Figure 2.2, possesses the advantage 
of having only a part of the power generated processed by the dc/dc converter. This 
means that the load current value is equal to the maximum power point current value for 
9 
 
 
the solar module during the time dc/dc converter does not process power. The system 
that they designed enables reduction on cost for the electronic components used. 
Utilization of parallel connection for the solar photovoltaic system with MPPT would 
enables easier detection of the MPP under imperfect operating condition, such as 
shading on the PV modules or defection of solar cells. The operation of the MPPT 
system is aided by the control algorithm designed by the researchers. 
 
Figure 2.2: Parallel connection of the MPPT in Solar Generation System. 
 
J.M. Enrique et al. (2005) concluded that there are limitations in the performance 
of the system depending on the maximum power point tracking converter used. They 
studied the buck-boost DC/DC converter which allows the follow-up of the PV module 
maximum power point independent of the condition of the temperature, irradiance and 
connected load. They had proven that having a buck-boost DC/DC converter connected 
to the photovoltaic system can effectively improve the performance of the whole system. 
The converter used will forces the PV module to operate at the maximum power point, 
which will overcome the disadvantages due to the high initial installation costs and low 
energy conversion efficiency of the PV module. Jen-Cheng Wang et al. (2010) described 
that the MPPT circuits can act as the interfaces between the PV systems and the loads. 
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They said that due to the complexity of mathematical operations involved in the tracking 
method of maximum power point, micro-controllers are needed to provide control for 
tracking the maximum power point. They also said that changing the different 
parameters for the system would affect the operation of the MPPT and thus affecting the 
efficiency of the PV modules. 
 
 
    Kimiyoshi Kobayashi et al. (2006) pointed out that the common method used 
to track the maximum power point with apparatus such as microcomputer and digital 
signal processing posted a few problems. The problems meant were the MPPT circuit 
designed has complex configuration. Other than being expensive, the speed for 
controlling is low and not efficient. Due to such concerns, they proposed utilization of 
the p-n junction diodes for generating the reference voltage for the operating point of 
solar array. P-N junction diodes are inexpensive and affordable. In their work, they 
discovered that the power output of the solar array is influenced by the light intensity 
and temperature surrounding the system. 
 
 
2.2 High Step-up Converter 
 
 Work of Rong-Jong Wai et al. (2008) stated that, in order to increase the 
conversion efficiency of the solar cells, the high step-up converter was used to allow the 
parallel operation of the photovoltaic arrays. The researchers utilize this design to 
decouple and simplify the control design of the pulse width modulation (PWM) inverter. 
The Vpv (Photovoltaic voltage) is not constant due to the variation in the load condition. 
The researchers believed that the solar panels needed to have a high voltage output on 
order to supply for the high demand of the load. Thus to satisfy the basic requirement of 
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voltage for the system and to improve the voltage output characteristic, they had used a 
dc to dc converter with high voltage gain to be introduced into a stand-alone 
photovoltaic generation system with high efficiency. The full-bridge inverter has an 
important role to convert the direct current power into alternating current power source. 
The general work done by Rong-Jong Wai et al. (2008) was shown in Figure 2.2. An 
active sun tracker was controlled by the PWM inverter, located in the full-bridge 
inverter, with the aid of a digital signal processor (system controller). By this way, the 
active sun tracker is controlled to always facing to the sun for maximum power output. 
 
 
 
 
Vpv : Photovoltaic voltage  Ipv : Photovoltaic current  
 Vd    : Direct current voltage  vo   : Output voltage   
  id       : Output current 
Figure 2.3: Sun tracker with high step-up converter. 
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2.3 Intelligent PV Modules 
 
 In the research for improving the efficiency of PV modules, Eduardo Roman et 
al. (2006) has provided discussion upon performance of two different topologies for the 
PV modules, namely the centralized topology and also the modular architecture. For the 
centralized topology, all of the PV modules are connected in series to a single inverter 
with a centralized MPPT. The PV modules are connected in series and they must have 
the same driving current. This post a problem for the system, as any one of the modules 
is shaded, it would be recognize as a passive load and this will in turn reduce the 
efficiency of the system significantly. For the modular architecture, they arranged the 
PV modules in series with its own MPPT. No direct connections were made between the 
PV modules and the dc/dc converter. Thus, this enables the PV modules to operate 
efficiently on its own optimal power and current, delivered all the energy to the energy 
storage device or load. they described that shading and mismatching can cause minor 
losses as well to the overall power output efficiency by the PV modules. Thus the 
installation of the PV modules is ideal to be at open space without nearby obstacles that 
will cause shading onto the PV modules. 
 
2.4 Incident Radiation Angle Micro-sensor 
 
The control mechanisms implemented in most of the solar tracking devices 
applied open-loop control scheme due to the limitation of solar sensors that are accurate 
to detect the position of the sun precisely. Even if the sensors are very accurate, the 
expensive cost for such sensors would cause a large amount of expenses for the 
installation and also maintenance of the devices. Jose M. Quero et al. (2007) introduced 
the micro-electromechanical system (MEMS) technologies into the application for solar 
tracking system sensors. The structure designed by them provides an amplification of the 
incident angle signal and the manufacturing process for the sensors are easy. There are 
